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INTRODUCTION 


The 1948-49 winter season was characterized by marked 
extremes of weather in different parts of the world. Most 
important, perhaps, was the severe and prolonged drought 
which seriously hampered postwar economic recovery in 
southern Europe. In addition, record amounts of rainfall 
were recorded in the Hawaiian Islands, extreme cold 
prevailed in Alaska and western Canada, unusually mild 
weather was experienced in western Europe and Mexico, 
and abnormal storminess R ase ona recurred in most of 
the Soviet Union. But the most spectacular weather of 
all occurred in the United States, where blizzards in the 
Great Plains and Rocky Mountain regions, freezes and 
snow in California, Arizona, and Texas, and ice storms in 
the midwest set new records for duration, frequency, and 
intensity and necessitated use of air lift and bulldozer 
tactics to save freezing livestock. 

Figure 1 shows that. this winter’s temperatures averaged 
as much as 10° F. below the seasonal normal in the western 
half of the United States and as much as 8° F. above 
normal in the eastern half of the country, while precipi- 
tation exceeded the normal amount nearly everywhere 
except in the Northwest and Southeast. This general 
pattern of weather anomalies first became evident at the 
end of October, slowly intensified during November and 
December, reached its most extreme state during January, 
and gradually abated during February and March. Not 
since the winter of 1889-90 has there been such a prolonged 
period of cold weather in the West and warm weather in 
the East. Although individual winter months have been 
more extreme, mean temperatures for this scason as a 
whole were the lowest of record in at least one station in 
every State west of the Continental Divide and the highest 
of record at Blue Hill (and probably other places) in 
New England.? 

The question naturally arises: ‘Was there any logical 
connection between the exceptional winter weather in the 
United States and the aberrations of weather in the rest 


' Many interesting details of this winter’s weather in the United States 
in the following U. 8. Weather B 


for the week ending February x . 
ous No. 42 by L. Kiviat issued April 12 and 13, 1949). Also noteworthy is the re on 
inter Weather of 1948-49 at the Blue Hill Meteorological Observatory of Harvard 


of the world?” In order to demonstrate that such an 
interreiationship actually did exist, an attempt will be 
made to show, first, that the observed anomalies of weather 
were closely associated with wt pared well-marked and 
persistent anomalies of the gener 

that many features of the observed circulation evolved in 
an orderly fashion consistent in part with known physical 
principles. 
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Fioure 1.—Charts showing average tem and precipitation anomalies for the 
winter of 1948-49 (December F from normal 
is shown in degrees Fahrenheit. ( the “Weekly Weather Crop Bulletin” for 
the week ending March 8, 1949.) 
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Fiaur£ 2.—Charts showing the similarities between the average tem: ture and precipitation anomalies for January 1937 and January 1949. Tem departure from normal is 
shown in degrees Fahrenheit. (From the “Weekly Weather and Crop Bulletin” for the first week of February 1937 — 1949.) 


RELATION BETWEEN WEATHER AND CIRCULATION 


Figure 2 gives the surface temperature anomaly and 
the percentage of normal a observed in the 
United States for the month of January 1949, when this 
winter’s weather contrasts were most extreme, and also 
for the month of January 1937, a remarkably close ana- 
logue. Both months were characterized by severe cold in 
the West, with monthly mean departures as great as 
18°-20° F. below normal in the Great Basin, and by ab- 
normal warmth in the East, where the greatest anomaly 
was plus 12°-14° F. in the Carolinas. The similarity in 
precipitation is not — as marked, but during both 
months less than half of the normal precipitation fell in 
the Northwest and Southeast and from 2 to 4 times the 
normal amount in central parts of the country. This 

eneral weather regime persisted for 4 months this winter 
ut for only 6 weeks in 1937. 

The monthly mean sea level pressure distribution over 
most of the western hemisphere was remarkably similar 
during both January 1937 and wapeg” 1949, as illustrated 
by figure 3. The — profiles in the inset boxes of this 
figure show that both months were marked by an excess 


of mass (above-normal pressures in shaded area) at middle 
latitudes and a deficit of mass at both high and low lati- 
tudes. Asa result easterly wind components were stronger 
than normal from approximately 20° to 45° N. latitude 
and were instrumental in the production of heavy oro- 


graphic rain in the Hawaiian Islands, warm moist mari- 
time weather in the eastern United States and Mexico, 
and dry continental conditions on the west coast of the 
United States (and in southern Europe in January 1949). 
It is noteworthy that both this winter and the abnormal 
winter of 1946-47 described by Namias [1] were charac- 
terized by a low zonal index; but this was brought about 
by a northward displacement of the middle-latitude west- 
erlies this winter, in contrast to their shift southward 
during the winter of 1946-47 when conditions were simi 
to the typical low index conditions described by Willett (2). 
Other striking features of both mean sea level charts in 
figure 3 are first, the northward displacement of the Great 
Basin and eastern Pacific Highs, which diminished the 
frequency of warm dry foehn winds east of the continental 
divide and produced cold northeasterly winds instead in 
the western United States (as in western Europe two 
winters ago); and second, the westward intrusion of the 
Bermuda High, with its attendant moist maritime trop 
air, into the eastern United States. The circulation 
features in the entire Pacific area were markedly similar 
during both January 1937 and January 1949, with the 
Aleutian Low deeper and farther northwest than normal, 
the Eastern Pacific High stronger and farther north than 
normal, and an anomalous low-latitude trough near the 
Hawaiian Islands. This pattern closely resembles the 
ideal pressure pattern for general heavy rain in the Ha- 
waiian Islands given by Solot and Haggard [3], and such 
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Fiourg 3.—Mean sea level charts for January 1937 and ae * 1949 showing isobars at 5-mb. intervals (solid ay and pressure departure from normal at 5-mb. intervals (dashed 
lines, pm dap egy jeth heavier). Anomaly centers and isobars are la in millibars. Solid arrowhead curves represent idealized mean cyclone tracks and the open arrowhead 
curves the idea! mean anticyclone tracks. Inset shows observed Western Hemisphere pressure profile (from 20° to 90° N. latitude) as a solid curve and norma! pressure profile 

4s a dashed curve with excess anomalies shaded. 
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Fiaure 4.—Monthly mean 


rains actually did fall during both months illustrated here. 
The circulation patterns were quite different, however, in 
the eastern Atlantic and Europe, where anticyclonic con- 
ditions and drought this winter contrasted sharply with 
cyclonic conditions and floods in January 1937.? 

The sea level map for January 1949 (fig. 3) also 
includes the principal mean cyclone and anticyclone tracks 
for the month. They were drawn in schematic fashion 
along the mean trough and ridge lines with the aid of the 
individual tracks published in the Monthly Weather 
Review (January 1949) and the 700-mb. mean steeri 
pattern (fig. 9a), and they help to explain the observ 
weather. Csttanes and upper-air troughs from the Gulf 
of Alaska moved weakly down the west coast of North 
America and deepened in the southwestern United States, 
behavior similar to that of “type A” disturbances [4]. 
As the storms curved northeastward they pulled moist 
tropical air from the Gulf of Mexico far northward and, 
in some cases, northwestward, to overrun cold polar air 
and produce blizzards in the northern Plains, ice storms in 
the southern Plains, heavy rains in the Mississippi and 
Ohio Valleys, and mild weather in the eastern United 
States, where the tropical air reached the ground. After 
leaving the United States the storms continued to move 
northeastward across the North Atlantic and northern 
Eurasia along a trajectory unusually far to the north so 


2 There is an interesting suggestion in these facts that the weather in most of the United 
States is more closely related to the general circulation in the Pacific than in the Atlantic. 
This hypothesis is supported by unpublished results recently obtained by D. E. Martin 
of the Extended Forecast Section of the U. 8. Weather Bureau which show that the 
five-clay mean temperature anomaly at most stations in the United States is highly 
correlated with the 700-mb. height anomaly in the Gulf of Alaska region. 


pressure 
tervals by dashed lines with the zero isopleth heavier. 


chart for January 1937. Isobars at 5-mb. intervals are shown by solid lines and 10,000-foot a departure from norma! at 5-mb. 


Anomaly centers and isobars are labeled in milli 


that storminess and precipitation were virtually absent 
in southern Europe. The cold polar anticyclones which 
normally move southeastward across North America 
from Alaska toward Bermuda (Bowie and Weightman [5)) 
either skirted the northern border of the United States 
without penetrating the country approctaDty or moved 
due southward into the Plateau (where the Basin Hi 
was made up by cold continental instead of warm Pacilic 
anticyclones) and warmed up before swinging eastward 
along the Gulf coast. 

Of greater importance, perhaps, than the mean sea 
level charts in explaining the observed weather anomalies 
are the mean 10,000-foot map for the month of Janu- 
ary 1937 (fig. 4) and the mean 700-mb. map for the month 
of January 1949 (fig. 9a). Both maps are characterized 
by a deep trough in the western United States and 4 
strong ridge in the East, a complete reversal of the normal 
January circulation pattern (Namias and Smith [6)). 
As noted in previous studies of the dependence of tem- 
ema upon the upper air circulation (Namias [7] and 

artin [8]), the area of subnormal surface temaperelae 
(fig. 2) has cyclonic curvature and below normal heights 
or pressure aloft, while the area of anticyclonic curvature 
and above-normal 700-mb. height or 10,000-foot pressure 
is situated directly over the area of abnormal surface 
warmth. The observed precipitation anomaly (figs. 2 
and 9c) closely resembles the author’s schematic model 
for winter precipitation (Klein [9]), with heavy pre 
cipitation oriented from southwest to northeast along 
ahead of the 700-mb. trough in southwesterly flow 
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WEATHER SHIP AT 49°N-I48°wW ELY, NEVADA 
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Ficure 5.—Monthly mean soundings for January 1949 made at Washington, D. C., Ely, Nev., and aboard the United States Coast Guard Cutter Chautauqua at 49° N., 148° W. 
The normal January soundings 


and confluence aloft, and with light precipitation in the 
rear of the trough in the Northwest and near the High 
center in the Southeast. 

These relationships between surface weather and 700- 
mb. circulation can be used to explain the temperature 
and precipitation anomalies observed in other months of 
this winter and in other parts of the world. To illustrate 
this, the monthly mean 700-mb. chart, the surface temp- 
erature and precipitation anomalies, and the thickness 
anomaly of the layer between 1,000- and 700-mb.* observed 
during each month from October 1948 to March 1949 have 
been reproduced from the files of the Extended Forecast 
Section of the U. S. Weather Bureau in figures 6 to 11. 
For the most part the regions of below-normal temperature 
(or thickness) coincide with the areas of below-normal 
700-mb. height, as, for example in the western part of 
North America during November, December, January, 
and February; while the regions of above-normal temper- 
ature lie in close proximity to the areas of above-normal 
700-mb. height, as in most of Europe from October through 
February. The anomaly of gradient air flow relative to 
the normal is also important in determining surface temper- 
ature and precipitation. For raat above-normal 
temperatures occurred in regions of below-normal heights 
because of strong southerly winds relative to the normal 
in Mexico during October, January, and February, and 
in the Mississippi Valley during November and December; 
while below-normal temperatures occurred in regions of 
above-normal heights because of northerly wind compo- 
nents in western Canada and northwestern United States 
during January and in western Europe and Central Siberia 
during March. Likewise, stronger-than-normal westerly 
wind components ssi a heavy precipitation along the 
northwest coast of the United States but created a rain- 
shadow effect east of the mountains during November, 
December, and February. Finally, the effect of 700-mb. 
contour curvature on precipitation in the western part of 
the United States should be mentioned (Smith [11]). For 
example, heavy precipitation in the Southwest duri 
October, December, and January was associated wi 


are shown as dashed lines. 


cyclonic curvature aloft, while light precipitation occurred 
during November with anticyclonic curvature aloft. 

p> 5 are shown the January 1949 mean soundi 
made at Washington, D. C., Ely, Nev., and sieonl-de 
U. S. Coast Guard Cutter Chaufauqua located at 49° N., 
148° W., and the normal January soundings for these 
points. For Ely and Washington, the observed sound- 
ings were plotted from data published in the Montuiy 
Weatuer Review for January 1949, and the normal 
soundings were obtained from data of Ratner [12]; for the 
weather ship the observed sounding was based on unpub- 
lished data of the United States Weather Bureau, and the 
normal sounding was constructed from values interpolated 
among the isobers and isotherms on the ‘‘Normal Weather 
Maps Northern Hemisphere Upper Level’. At Ely, 
where a trough existed at the 700-mb. level, temperatures 
were below normal not only at the surface but at every 
level of the oF ae At Washington and at the 
position of the U. S. Chautauqua, in the 700-mb. ridges, 
temperatures were above normal throughout the entire 
troposphere. As expected from previous studies of cold 
lows and warm highs (for example, Rossby and Willett 
[13]) the tropopause and stratosphere were lower and 
warmer than normal at Ely and higher and colder than 
normal at Washington and the ship. It is thus apparent 
that we are dealing with large scale and persistent anom- 
alies of the general circulation which appeared throughout 
the entire observed atmosphere of the Northern Hemi- 
sphere. A complete explanation of this phenomenon in 
terms of all possible terrestrial and extra-terrestrial causes 
is beyond the scope of this paper. Instead the observed 
evolution of the circulation pattern is described and a 
possible physical explanation suggested. 


EvoLurion oF THE OpsERVED CIRCULATION 


In the discussion to follow an attempt is made to apply 
kinematic and physical principles to troughs and ridges on 
monthly mean 700-mb. charts. — the mean charts 
for calendar months are reproduced here (figs. 6 to 11, 
part a), but mean charts for monthly periods from each 
mid-month to the next mid-month with kinematic com- 
height tendencies centered 


putations based on 10-da 
so used to confirm the con- 


around each mean were 


tinuity ascribed to the principal circulation features. 
The propriety of applying physical principles to monthly 


949 ae 
Sis 
‘In view of the high correlation which exists between surface temperature and mean Log 
virtual temperature of the layer between the surface and 10,000 feet (Rowe [10]), the k 
1,000 to 700-mb. thickness anomaly has been used instead of the surface temperature wy. 
anomaly in jons outside the United States where class limits for surface temperature 5 hs 
are not availahie. 
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mean charts is not discussed in this paper; some theoretical 
justification was presented by Clapp [14], and successful 
empirical examples were described by Namias [15]. 
Principal reliance is placed on qualitative application of 
wave length principles (Rossby {16]) and constant 
absolute vorticity trajectories (Rossby [17]). These 
were previously applied to 5-day mean maps with con- 
siderable success—wave length by Namias and Clapp 
[18] and vorticity by Bortman [19]. As far as possible, 
oints of inflection with little shear on the axes of broad, 
ast, well-defined currents were selected for construction 
of vorticity trajectories. Normal fields of divergence 
(Namias and Clapp {20]) and the time required by indi- 
vidual air particles to reach trough and den oints were 
neglected in computing these trajectories. They were 
used primarily to give the stationary wave length, as 
suggested by Cressman [21] and Namias [15], and to 
indicate the general type of circulation developments 
favored downstream as a result of energy dispersion from 
an initial disturbance. 
The first map in the series is the monthly mean 700-mb. 
chart for October 1948 (fig. 6a). In general the map 
resents a flat appearance without any extreme anomalies. 
he western hemisphere zonal wind speed profile (inset) 
shows that during October there was a well defined mean 
jet stream [22] between 50° and 55° N. latitude, 5° north 
of the jet position on the normal profile (dashed). The 
line of dots along the west coast of North America gives 
the position of a monthly mean trough during August, 
the line of open circles shows the position of this same 
mean trough during the month of September, and the 
solid curves give the trough position during October. It 


ean be seen that the entire trough retrograded from . 


August to September, but the trough sheared in October, 
with the upper portion continuing to retrograde and the 
lower portion reversing its motion and starting eastward. 
As a result a Low was located directly north of a High 
in the central Pacific during October with a band of 
abnormally fast westerlies in between. Continued retro- 
gression was favored for the trough in the north by the 
existence of an extremely long wave length between it 
and the next high latitude trough upstream in Europe. 
This wave length was considerably longer than the 
stationary wave length given by the vorticity trajectory 
computed from the mean southwesterly flow in Siberia 
(fig. 6a). Conditions were unfavorable for retrogression 
in the south, however, because of the presence of a low 
latitude trough in the western Pacific during October. 
The mont mean 700-mb. chart for November is 
reproduced in figure 7a. It shows that the flat circulation 
of the preceding month was replaced by a series of well- 
marked waves in the westerlies. As frequently happens 
on five-day mean maps (Willett [2]), this increase in 
amplitude was associated with a southward shift of the 
jet stream to a location between 40° and 45° N. latitude, 
5° south of the normal and 10° south of the October 
osition. It is possible that these changes were initiated 
y dynamic factors operating on the unusually fast 


westerly current set up in the central Pacific in October | 


(and maintained during November) and tending to 
produce a trough to the lee of the Rocky Mountain 
range. The development of this “Divide trough’’ was 
favored by the presence of abnormally cold air off. the 
West Coast during October and November (figs. 6d and 
7d) and by the fact that a low-latitude trough, such as the 
one off California in October, normally tends to separate 


from its high latitude portion and build to higher latitudes 
subsequent to shearing (Namias and Clapp [18]).. 
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The development of the Bermuda ridge, Atlantic 
trough, and European ridge during November can then 
be explained by the rapid spread of energy downstream 
from the Divide trough, as shown by the vorticity trajee. 
tory computed from a point in Ohio (fig. 7a). The 
trough in Russia apparently had not yet been affected 
much by these developments, since it was still quite flat 
in November with smaller ~~ ur" than the trough-ridge 
system upstream from it. vorticity trajectory, com- 
a from this system in the southwesterly flow west of 

reland had considerably greater amplitude (almost 
10° of latitude) than the contours that it crosses jn 
Europe on the mean 700-mb. chart for November, while a 
vorticity trajectory computed in the southwester} 
flow ahead of the ‘Russian trough gives a wave length 
across Siberia which is still considerably shorter than that 
which existed there in November. Two puzzling features 
of the November map in the Pacific are the positive 
anomaly north of the Hawaiian Islands and the closed 
low in the Gulf of Alaska. The former was important 
because it persisted for the entire winter season; the latter 
was important because it was associated with a large 
7 of abnormally cold air in Alaska and western 

anada (fig. 7d). 

The next map in the series is that for December 1948 
(fig. 8a). The mean jet stream remained essentially 
unchanged between 40° and 45° N. latitude. The u 
portion of the Pacific trough continued its long period 
retrogression from its October position in the Gulf of 
Alaska and its November position in the Bering Sea, and 
joined the low-altitude trough off Japan to form a iy * 
strong full-latitude trough in the western Pacific. 

art as a result of the dispersion of energy downstream 
rom this trough, a strong full-latitude ridge with a 
tremendous positive anomaly of 530 feet developed in the 
east central Pacific, while trough conditions and below 
normal heights intensified over western North America. 
At the same time the Gulf of Alaska trough was forced 
eastward to the Alaskan coast by the short wave length 
between it and the trough in the Bering Sea in November, 
as indicated by the vorticity trajectory passing through 
the area (fig. 7a). As a result of these developments, 
negative heights and northerly wind components (rela- 
tive-to-normal) produced an extreme thickness anomaly 
of —500 feet in the lowest 3 km. of the atmosphere in the 
Yukon (fig. 8d). In accordance with November’s vor- 
ticity trajectory in the Atlantic, the circulation pattern 
increased its amplitude considerably in Eurasia, where 
larger anomalies of +400 feet and —550 feet appeared 
during December. In response to this increase in ampli- 
tude, both wave length and wind speed over Eurasia 
increased (Bortman [23]), and the Russian trough moved 
about 25° longitude to the east. As a result of this east- 
ward motion and strengthened circulation, a vorticity 
trajectory originating in the strong northwesterly flow 
in Russia places a trough (at 54° N., 164° E.) just east of 
the position occupied by the Pacific trough in December, 
puts a crest in Alaska, and has greater amplitude than 
the contours observed in the Pacific in December. At 
the same time, a vorticity trajectory computed in the 
strong southwesterly flow south of the Aleutians cuts 
across three fof the contours observed in the Uni 
States on the mean 700-mb, chart for December. The 
two trajectories approach each other and indicate a zone 
of confluence (Namias [24]) near James Bay. ‘a 

The next map in the series is that for January 1949 
(fig. 9a). It shows that the January jet stream was 
centered between 50° and 55° N. latitude, 5° north of 
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Ficure 6.—Monthly mean charts for October 1948. 


a. 700-mb. chart. Contours at 200-foot intervals are shown by solid thin lines, 
700-mb. height departure from normal at 100-foot intervals by dashed lines with 
the zero isopleth heavier. Anomaly centers and contours are labeled in tens of 
feet. Heavy arrowhead curve shows vorticity trajectory. Mean positions of 
Pacific trough during August, September, and October 1948 are shown by dotted 
line, line of open circles, and solid line, respectively. Inset: Solid curve shows 
observed trophic zonal wind speed a in meters per second for the 
bei pa ee from 20° to 90° N. tude; dashed line represents normal 
w profile. 

b. Surface temperature anomaly. The classes above, below, and near normal occur 
on the av one-fourth of the time, while m above and much below each 
occur n y one-eighth of the time. 

c. Precipitation anomaly. The classes light, moderate, and heavy occur on the 
average one-third of the time and therefore have equal probability of occurrence, 

d. Thickness anomaly for the layer between 1 and 700-mbs. Isopleths are drawn 
at 100-foot intervals with the zero isopleth heavier, and centers are labeled in 
tens of feet. Negative values are shaded. 
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Ficure 7.—Monthly mean charts for November 1948. 


a. 700-mb. chart. Contours at 200-foot intervals are shown by solid thin lines, 
700-mb. hight departure from normal at 100-foot intervals by dashed lines with 
the zero isopleth heavier. Anomaly centers and contours are labeled in tens 
of feet. Heavy arrowhead curve shows vorticity trajectory. Inset: Solid curve 
shows observed trophic zonal wind speed components in meters per 
for the Western Hemisphere from 20° to 90° N. latitude; dashed line represents 
normal wind profile. 

b. Surface temperature anomaly. The classes above, below, and near normal 
occur on the average one-fourth of the time, while much above and much below 
each occur normally one-eighth of the time. 

¢c. Precipitation anomaly. The classes light, moderate, and heavy occur on the 
average one-third of the time and therefore have equal probability of occurrence. 

d. Thickness anomaly for the layer between 1,000- and 700-mbs. Isopleths are 
drawn at 100-foot intervals with the zero isopleth heavier, and centers are labeled 
in tens of feet. Negative values are shaded. 
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Ficure 8—Monthly mean charts for December 1948. 
«. 700-mb. chart. Contours at 200-foot intervals are shown by solid thin lines, 


700-mb. height departure from normal at 100-foot intervals by dashed lines with 
the zero isopleth heavier. Anomaly centers and contours are labeled in tens of 
Heavy arrowhead curve shows vorticity trajectory. Inset: Solid curve 
shows observed mene ed zonal wind speed components in meters per second 
for the Western Hemisphere from 20° to 90° N. latitude; dashed line represents 
normal wind profile. 
Surface temperature anomaly. The classes 
occur on the ave! of the thane, while above and below 


each 
¢. Precipitation anomaly. classes and hea 
average one-third of time and therefore have equal probability of occurrence. 
d. Thickness anomaly for the layer between 1,000- an 
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Fiaur£ 9.—Monthly mean charts for January 1949. 

a. 700-mb. chart. Contours at 200-foot intervals are shown by solid thin lines, 
700-mb. height departure from normal at 100-ft. intervals by dashed lines with 
the zero isopleth heavier. Anomaly centers and contours are labeled in tens of 
feet. Heavy arrowhead curve shows vorticity trajectory. Inset: Solid curve 
shows observed geostrophic zonal wind speed components in meters per 
for the Western Hemisphere from 20° to 90° N. lat.; dashed line represents 
normal wind profile. 

b. Surface temperature anomaly. The classes above, below, and near normal 
occur on the average one-fourth of the time, while much above and much below 
each occur nor y one-eighth of the time. 

c. Precipitation anomaly. The classes light, moderate, and heavy occur on the 
average one-third of the time and therefore have equal — of occurrence. 

OBSERVED PRECIPITATION —= d. Thickness anomaly for the layer between 1,000- and 700-mbs. Isopleths are 
: drawn at 100-foot intervals with the zero mopieth heavier, and centers are labeled 
TANUARY 1949 \. ic in tens of feet. Negative values are shaded. 
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Ficure 10.—Monthly mean charts for February 1949. 


a. 700-mb. chart. Contours at 200-feet intervals are shown by solid thin lines, 
700-mb. height departure from normal at 100-foot intervals by dashed lines with 
the zero isopleth heavier. Anomaly centers and contours are labeled in tens of 
feet. Heavy arrowhead curve shows vorticity trajectory. Inset: Solid curve 
shows observed geostrophic zonal wind speed components in meters per second 
for the Western Hemisphere from 20° to 90° N. latitude; dashed line represents 
norma! wind profile. 


¢. Precipitation anomaly. The classes light, moderate, and heavy occur on the 
average one-third of the time and therefore have equal probability of occurrence. 

d. Thickness anomaly for the layer between 1,000- and 700-mbs. Isopleths are 
drawn at 100-foot intervals with the zero isopleth heavier, and centers are labeled 
in tens of feet. Negative values are shaded. 
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FicureE 11,—Monthly mean charts for March 1949. 


@. 700-mb. chart. Contours at 200-foot intervals are shown by solid thin 4 
700-mb. height departure from normal at 100-foot intervals by dashed lines ¥'! ; 
the zero isopleth heavier. Anomaly centers and contours are labeled in tens® 
feet. Inset: Solid curve shows observed geostrophic zonal wind speed = 
pesenee in meters per second for the Western Hemisphere for 20° to #° X. 

titude; dashed line represents normal wind profile. 

b. Surface temperature anomaly. The classes above, below, and near norm! 
occur on the average one-fourth of the time, while much above and much belo 
each occur normally one-eighth of the time. the 

¢. Precipitation anomaly. The classes light, moderate, and heavy occur 0B 
average one-third of the time and therefore have equal bability of occurren® 

d. Thickness anomaly for the layer between 1,000- ond 700-mbs. Isopleths # 
drawn at 100-foot intervals with the zero isopleth heavier, and centers are labeled 
in tens of feet. Negative values are shaded. 
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‘ts normal position and 10° north of its position during the 
receding two months. This was accompanied by the 
cutting off of three separate cold low-latitude troughs 
with closed negative —— centers spaced only 50°-70° 
apart near the Hawaiian Islands, southern California, 
and the central Atlantic, in a manner analogous to th 
cut-off process on ren maps described by Palmén om 
and others [22]; at high latitudes the wave length incr 

to about 120° and the number of waves around the entire 
northern hemisphere was reduced to only 3. Consistent 
with the vorticity trajectories of the preceding month 
the Pacific — deepened and ended its long-peri 
retrogression in the north, the Pacific ridge intensified and 
moved east to the Alaskan coast, the trough-ridge system 
in the United States increased greatly in amplitude, and 
a zone of confluence developed near James Bay. All 
these features of the January circulation patterns are 
saeealsy similar to the schematic flow pattern postu- 
lated by Namias [15, fig. 11B] to follow strong deepening 
of a trough located in almost the same position as the 
Eurasian trough during December 1948. 

While these events were occurring, the lower portion 
of the Pacific trough retrograded to a position just off the 
Japanese coast. a result the wave length between it 
and the California trough became excessive and a new 
low-latitude trough in the westerlies developed in the 
Hawaiian region, in a position agreeing with the vorticity 
trajectory computed at low latitudes in the western 
Pacific "Gig. 9a). Warm air advection ahead of this 
Hawaiian trough probably contributed to the increase of 
heights in the eastern Pacific and western Canada observed 
during January, which in turn, produced northeasterly 
wind components relative to normal in the western United 
States at both the surface and aloft. This flow steered 
polar anticyclones from Alaska and the Yukon, where the 
air was abnormally cold, as shown by the mean thickness 
anomaly for December (fig. 8d) and January (fig. 9d), 
southward into the Great Basin, as illustrated by the 
anticyclone track of figure 3b, and helped produce the 
severe January weather experienced by the western 
United States. 

The development of the Hawaiian trough also led to 
the establishment of a zone of confluence in January in 
the Gulf of Alaska between warm southerly flow from the 
Hawaiian Islands and cooler southwesterly flow from the 
western Pacific. Confluence was even more marked in 
eastern North America, where the cyclonically curved 
northwesterly current was bringing cold air from Alaska 
alongside warm air from the anticyclonically curved 
iestbetenterty? flow from. Mexico. These confluence 
processes may have been associated with the appearance 
of the jet stream between 50° and 55° N. latitude and the 
cutting off of the low-latitude troughs in the western 
United States and central Atlantic. They were also 
probably related to the development of an extremely 
fast band of westerlies across the North Atlantic and 
Eurasia and to a marked decrease in the amplitude of 
the trough-ridge system in Eurasia. In figure 9a, the 
vorticity trajectory computed in the southwesterly flow 
in Siberia spreads the flattening process eastward and 
denotes retrogression and decrease in amplitude for the 
Principal circulation features of the Pacific and North 
America, at least at higher latitudes. 
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This is essentially what happened during the next 
month, as shown by the 700-mb. chart for February, 
figure 10a. At the same time a second jet stream 
began to emerge between 40° and 45° N. latitude, 10° 
south of the ——s primary jet between 50° and 55° 
N. As the westerlies spread south the closed low-latitude 
lows (relative to normal) of the preceding month opened 
to the north in both the Atlantic and the United States, 
while the Hawaiian trough disappeared completely. 
This trough disappearance left an excessive wave length 
across the Pacific at low latitudes, in response to which 
the California trough also began to retrograde, in ac- 
cordance with the indication of the vorticity trajectory 
computed in the central Pacific on the February chart. As 
a result of flattening and retrogression, cyclonic curvature 
and below-normal heights replaced anticyclonic curvature 
and above-normal heights in the Gulf of Alaska and 
western Canada, and westerly flow relative-to-normal 
and maritime conditions replaced northeasterly flow rel- 
ative-to-normal and continental conditions in most of 
the western United States (compare temperature and 

recipitation anomalies for months of January and 

ebruary, . 9 and 10. ports b and c). 

The weather continued to moderate in March, when 
above-normal temperatures occurred in the western 
United States (fig. 11b) and western Canada (fig. 11d) 
for the first time in 5 months. This warming was asso- 
ciated with continued southward shift of the westerlies, 
with a jet stream appearing between 30° and 35° N. lati- 
tude, continued retrogression of the California trough to 
a position about 10° off the coast, and continued weaken- 
ing of theyPacificfridge (fig. 1la). These processes of 
flattening and retrogression, which were initiated in 
Eurasia in January and which affected the circulation in 
the Pacific and western North America in February, had 
peewee effects upon the circulation pattern of eastern 

orth America, the Atlantic, and Eurasia in March, when 
the positive anomaly in the East Coast ridge almost dis- 
appeared, the Atlantic trough retrograded to a position 

ose to that given by the vorticity trajectory computed 
in the Pacific n February, the positive anomaly in Europe 
appeared in the central Atlantic, and the Russian trough 
moved west from the Urals to the Balkans and Poland. 
These changes in circulation produced lower heights, more 
northerly flow, and cooler temperatures in Europe and the 
eastern United States, and the weather returned to near 
normal in many parts of the world. 


CoNCLUSION 


In conclusion it should be emphasized that the abnor- 
malities of this winter’s weather in the United States were 
intimately related to the circulation pattern of the entire 
northern Hemisphere. In this article, as in previous 
papers by Namias [1 and 15], an attempt was made to 
demonstrate that changes in the circulation in one part of 
the hemisphere greatly affect the circulation in other 
parts of the hemisphere. During this winter most of 
these changes proceeded downstream in qualitative agree- 
ment with simple wave length and vorticity principles;‘ 
in other years they appeared to be transmitted in a muc 

4 An empirical study of the applicability of wave length and considerations 
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more complicated fashion and occasionally in an upstream 
direction through blocking action (Namias [15]; Elliot 
and Smith [26]). It was previously shown (Namias and 
Clapp [18]; Klein and Winston [27]; Hess and Wagner [28}) 
that ene is frequently transferred downstream at a 
rate considerably greater than the speed of individual air 
particles. In this paper evidence was presented that the 
effects of circulation changes on monthly mean maps may 
. sometimes be transmitted downstream much more slowly 
than the speed of individual air particles. A similar 
henomenon was recently noted by Elliott and Smith [26] 
or blocking cases studied with three-day mean maps. 
These processes of non-advective transport or dispersion 
of energy were discussed theoretically for simple atmos- 
heric models with the aid of the group velocity concept 
a Rossby [29] and Yeh [30]. A complete explanation of 
the complex mechanism by means of which large-scale 
disturbances are intiated and transmitted in the observed 
atmosphere will probably require many more years of 
study of the circulation i and of extra-terrestrial 
influences as well. 
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LE 3.—Free-air resultant winds based on rawin observations made near 0300 G. C. T. during April 1949. Directions given in degrees 
from north (Na B80", 180", Spceds to ner 
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Surface... 2| 254| so| 0.9} 0.6] 20| ao} 157 1.8 2.1 3.3) 30| 180] 0.1 sol 2:01 20] 20) 
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the number of observations missing is 


than three. See note following Table III 


Norr.—Resultants prepared from rawins at altitudes are biased toward 
therefore 


Wind speeds. Values appearing in this table 


be used with caution w 
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RIVER STAGES AND FLOODS FOR APRIL 1949 


_ The most damaging floods during the month occurred 
in the lower Rio Grande in Texas, seriously affecting 
growing crops. Considerable damage also resulted from 
the fash flood at Herington, Kans., and from the flooding 
on the Souris and Heart Rivers in North Dakota in con- 
nection with the ice break-up there. The crest on the 
lower Missouri at Nebraska City, Nebr., was second only 
to the great ice jam flood of March 1949, but was the 

est of record for stages uninfluenced by ice conditions. 

recipitation during April was mostly below normal 
(ee chart V). It was above normal over most of the 


southern states, portions of the Missouri Basin, and the 
central portion 


the northeastern states. The heaviest 
839165—49-—3._ 


previotatinn occurred in northern Florida and southern 
exas where it averaged 200 percent of normal. 

Hudson was heavy during the 
winter in the Red River Valley of the North from Fargo- 
Moorhead, northward to the Canadian border. The snow- 
cover ed from 12 to 26 inches in this section with 
local depths of 61 inches at Grafton and 33 inches at 
Hannah, N. Dak. by the end of February. South of 
Fargo, the snow-cover was much lighter ranging up to 11 
inches. During the second week of March, the water 
equivalent of the snow-cover ed from 3 to 5 inches 
in the northern portion, with the heavier amounts in the 
Devil’s Lake and Souris basins, and from 1 to 2 inches in 
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the southern portion. The average precipitation from 
November through March was 3.81 inches, which was 
considerably lighter than one year ago when it averaged 
4.85 inches. 

The Forest and Park Rivers began to overflow on April 
8 in the vicinity of Minto and Grafton, N. Dak., respec- 
tively. On the 9th, the Red River of the North began 
overflowing at Grand Forks, N. Dak., cresting on the 
following day at a stage of 29.2 feet, 1.2 feet above bank- 
full stage, but considerably below last year’s crest of 41.6 
feet. No other flooding occurred along the main stem. 
The highest stage reached at the Fargo-Moorhead gage 
was 12.8 feet, 4.2 feet below bankfull stage or 5.2 feet 
below last year’s crest of 18 feet. Some damage resulted 
to highways and farm equipment in the vicinity of Minto 
and Grafton N. Dak. 

Atlantic Slope Drainage.—Stream flow was considerably 
below normal in the Connecticut and Merrimack River 
Basins during April even though precipitation was near 
normal as there was very little runoff from melting snow. 
The light seasonal snowfall was depleted early and by 
April 1, 95 pepornt of the snow cover had already melted 
(see chart VII). The highest stage reached by the Con- 
necticut at Hartford, Conn., this spring was 14.5 feet, 
1.5 feet below bankfull stage, in March. In the past 100 
years, only 5 maximum spring stages have been equal to 
or less than this low value at that point. 

Moderate to heavy rises in the streams in the Middle 
Atlantic States resulted from the heavy rains on the 13th 
and 14th with major flooding on the Jackson and upper 
James}Riversfand minor flooding in the upper Rappahan- 
nock and Roanoke Rivers. 

The rain in the upper erga in Virginia aver- 
aged 1.5 inches and caused light local flooding for a few 
hours at Remington, Va., on the 14th. The rains were 
much lighter in the lower Rappahannock and on the 
Rapidan and resulted in stages near one-half bank full. 

the Jackson River Basin, the rainfall averaged 3.1 
inches and in the James River above Lynchburg, Va., 2.3 
inches in the 24-hour period ending in the afternoon of the 
13th. This storm produced the highest water at and 
above Buchanan, Va., since the great flood of 1936. The 

rincipal damage resulting from the flood was to the road 
Bed of the C&O railroad at Kincaid Gorge between 
Covington and Hot Springs where two washouts occurred, 
and near Lowmoor on the main line where a fill gave way 
necessitating the use of east bound tracks only. Two 
slides on Route 60 between Covington and Clifton Forge 
blocked the highway for a while but were cleared for one- 
way traffic early on the 14th. In Covington, 13 homes 
were evacuated as a precautionary measure and schools 
closed. Below Buchanan the only damage of consequence 
was the washing out of a small bridge on a secondary 
highway at Buffalo station in Nelson County. Only minor 
flooding occurred below Bremo Bluff. 

The Roanoke River rose rapidly to above flood stage 
at Alta Vista, Va., due to the heavy rain (2 inches) in the 
Bedford area. The crest flattened considerably as it 
moved downstream; as a result, the river just reached 
flood stage at Weldon, N. C., and with the exception of 
Williamston, did not reach flood stage at any other station. 

East Gulf of Mexico drainage.—Heavy rain from the 28th 
through the 30th caused flooding in several streams in the 
East Gulf of Mexico drainage during the latter part of 
April and the beginning of May. Rainfall ranged from 1 


inch to as much as 6 inches in the upper Flint and middle 
Chattahoochee Rivers. 

A rapid rise on the Tallapoosa River at Milstead, Ala., 
amounted to 31.8 feet in the 24-hour period ending at 
7:30 a. m., on the 30th. The river crested at a stage of 
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41.5 feet, 1.5 feet above flood stage during the afternooy 
of that date. 

Upper Mississippi Basin.—The light flood in the Min. 
nesota River at Mankato, Minn., was due to moderately 
heavy rain and snow that fell during the closing days of 
March when the river was at a high stage as a result of 
the spring ice syne 

By the end of April, base ground flow in the tributary 
streams in Wisconsin was unusual for this month. Usually 
the stream flow is the greatest for the year during Apri 
but due to gradual snow-melt and precipitation far hale 
normal, there was barely enough run-off to satisfy the 
storage requirements of the headwater reservoirs. Nearly 
normal flat pools were attained in the Mississippi River 
between St. Paul and Lock and Dam No. 10 by the 30th. 
iy 7 flooding occurred at Hannibal and Louisiana, Mo, 

issourt Basin.—The streams in the central and west- 
ern portions of the Elkhorn Basin in Nebraska were gen- 
eral y rising at the beginning of the month due to the 
rapid melting of the heavy snow that fell during the period 
from March 26 through March 31. The heavy snow in 
the western and northern sections of the Elkhorn Basin 
accumulated to depths of 8 to 15 inches in the Neligh- 
Atkinson area and from 5 to 8 inches in the Royal- 
Randolph area. Rapid thawing from March 27-29 pro- 
duced overflows from Ewing westward to Atkinson, Nebr., 
on March 28. On March 30, heavy rain (in excess of | 
inch) occurred in the northern and central sections of the 
valley. On March 31, overflows were occurring from the 
headwaters of the Elkhorn to Meadow Grove, and near 
West Point, Nebr., light flooding occurred at some points 
through April 12 

Much flooding occurred on the Souris River and its 
tributaries in north-central North Dakota between the 
3d and 20th due to the melting of the heavy snow cover 
in that region. U.S. Highway No. 2 was closed from 
April 4th to the 9th and many other roads were closed for 
longer periods while under water. Several basements 
were flooded at Velva and Minot, N. Dak. 

The local flooding on the Cannonball, Little Missouri, 
Heart and Knife Rivers in North Dakota during the 
latter part of March was due to the ice break-up and run- 
off from the melting of the heavy snow cover. ‘The snow- 
melt caused the small streams to run near bank full but no 
Sr a would have occurred if the rivers had been clear 
of ice. 

Serious flooding developed on the Heart River in the 
Mandan, N. Dak., area due to severe ice jams during the 
latter part of March, and early April. It was 
bank full and was full of ice on March 28 from south 0 
Richardton to south of New Salem, N. Dak. It began to 
overflow the lowlands near Mandan in the early afternoon 
of that date and on the following day as the dike on 
the southeast side of “Dogtown” broke, flooded state 
highway No. 6, and U. S. Highway No. 10 between Bis 
marck and Mandan. On March 30th, there was water 
in about 100 houses, south of the Northern Pacific Railway 
tracks in Mandan. The ice jams were dynamited sev 
times but new jams formed after the old ones were blown 
out. The ice jam at the “Dogtown” bridge broke o 
April 1st; by the 3d most of the water had receded from 
the Mandan area and on the 6th, U. S. Highway No. 10 
was reopened. 

The Big Sioux River rose above flood stage at Akron, 
Towa, on March 29, and remained above flood until April 
2. A secondary rise caused it to overflow again at Akron 
from the 6th to the 11th. The secondary crest was 5 feet 
above flood stage but due to the early season of the yeal 
no damage occurred. ; 

The high water on the Missouri River during April was 
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due largely to melting snow and the spring ice break-up 
along the main stem and tributaries pievadatee: S. Dak. 
The low temperatures during the winter favored unusually 
heavy ice to form on the majority of streams. These low 
winter temperatures and heavy precipitation are illus- 
trated by the charts which appeared in the reports of 
River Stages and Floods in the February and March 
issues Of the Review, and are discussed in detail in the 
article by William H. Klein which appears in this issue. 

The ice had broken on the Missouri as far north as 
Pierre, S. Dak., by March 24, but did not break, at Mo- 
bridge until April 1. Two crests came down the Missouri; 
the first occurred at Bismarck on April 3, reaching Sioux 
City, lowa on the 8th; the second occurred at Bismarck 
on the 6th, reaching Sioux City on the 10th. The river 
was high in the Garrison-Bismarck area from the Ist to 
the 4th but no flooding occurred. Bank full stages were 
exceeded at several points in the Missouri below Mobridge, 
§. Dak. The floods were not as serious as in Februar 
and March. Themost outstanding feature of the floods this 
month was the high stage at Nebraska City, Nebr., where 
the crest of 20.3 on the 13th and 14th was second only to 
the great ice jam flood of the previous month, when a 
stage of 25.8 feet was reached. However, the April crest 
was the highest of record unifluenced by ice conditions; 
the previous high mark of 20.2 occurred in 1947. The 
damages along the main stem were mostly light but would 
have been much larger had it not been preceded by severe 
flooding during the Ist quarter of 1949. 

The worst flood in two decades and the most destructive 
in the history of Herington, Kans., occurred in the west 
and north sections of that city on the evening of April 30. 
The flash-flood waters moved down Lime Creek, which 
flows in a northerly course across the low areas of Hering- 
ton. The water reached a depth of over 5 feet in the 
City Building. Much of the damage was concentrated in 
a three-block business section outside of the main part of 
the city. The flood waters were believed to be about four 
inches under the 1929 flood level, which claimed a number 
of lives. No lives were lost in this flood, but several 
injuries were — However, the intensity of this 
flood was thought to be much greater and the financial 
loss much larger. 

This flood was due to intense heavy rain over the small 
drainage basin. Rainfall 2% miles west southwest of the 
city at Lake Herington, totaled 1.8 inches but was ap- 
parently much heavier along Lime Creek. 

Forty families were rendered homeless pending repairs 
to their homes. Three houses were floated from their 
foundations, several porches were washed away and 
several cars floated through the inundated streets. 

Ohio Basin.—Stages continued above flood in the lower 
portion of the Ohio and lower tributaries during the first 
few day of the month due to the heavy rain on March 
26 and 27. The only additional flooding that resulted 
from this storm was on the Tennessee River at Gilberts- 
ville, Ky., and Whitesburg, Ala. poli 
_ White, Arkansas and Red Basins.—Flooding occurred 
in the White Basin in the White and Black Rivers durin 
March and April. The lower White fell below bankfull 
stage at Clarendon and St. Charles, Ark., during the latter 
part of April for the first time since mid-January. All 
crests during March and April were secondary and were 
only slightly above flood stage except the Black. Plant- 

was delayed on lowlands adjacent to these streams; 
otherwise, loss was 

The only flooding in the Arkansas Basin during April 
was a minor overflow on the Neosho River in the vicinit 
of Emporia, Kans., on the 11th and was due to rainf. 
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averaging 1.5 inches above that point. Unofficial reports 
were received of amounts over 3 inches between Council 
Grove and Emporia, Kans. 

The winter season snowfall averaged 57.9 inches in the 
Upper Arkansas and Purgatoire River Basins or 103 per- 
cent of normal. The water equivalent of this snow was 
3.15 inches or 111 percent of normal but soil moisture in 
this area was largely deficient. 

In the Red Basin, minor flooding occurred on the Black, 
Ouachita, and Sulphur Rivers. The flooding on the 
Sulphur at Hagansport, Tex., was due to scattered mod- 
| deg to heavy showers on the 10th and 11th, 26th and 

Lower Mississippi Basin.—Rainfall averaged near or 
slightly below normal over the Yazoo-Tallahatchie River 
Basins during April. With the exception of an unim- 
portant rise on the Tallahatchie at Swan Lake, Miss., 
about the middle of the month, the river levels were 
generally recedi Local flooding occurred on the 

Idwater at Sarah, Miss., due to the heavy rains from 
the 11th—13th. 

The only flooding on the main stem of the Lower Missis- 
sippi during April was at Caruthersville, Mo., and Baton 
Rouge, La. The flooding at Caruthersville was due to 
the orn rain over the middle Msssissippi and lower 
Ohio on March 26 and 27. 

West Gulf of Mexico drainage.—The Calcasieu remained 
very close to or above flood stage throughout the month 
with a crest of 16.8 at Kinder, La., on the 13th, and 19.8 
on the 25th, due to scattered heavy rains on the 5th, 
10—11th, 21st-23d, and the 28th. This flood was minor 
and the main loss was due to the delay in planting crops. 

The light flooding on the Bayou Nezpique at Basile 
La., was the result of heavy rains from the 21st to the 23d 
which totaled 6 to 8 inches at some stations. 

The slight overfiow of the Neches River at Evadale, 
Tex., from the 2d to the 6th, was due to heavy rains 
(4 inches) during the last decade of March. The overflow 
of the Trinity near Liberty, Tex., was due to heavy rains 
averaging 2.06 inches below Long Lake, on the 20th. No 
damage occurred. 

The Nueces River rose rapidly to above flood stage as a 
result of the heavy rains from the 19th to the 26th. No 
serious flooding occurred as the rises downstream were 
well out of the way before the rise from upstream reached 
the lower portions of the river. 

This same storm caused major flooding on the Guada- 
lupe River from Gonzales, Tex., to the mouth. There 
were two distinct rises at Gonzales and above but the two 
bodies of water had merged by the time it reached Cuero 
and Victoria, Tex. The major rises resulted from the 
heavy rains over the basin on the 24th and 25th. The 
heaviest rain, however, was over the Blanco River basin 
with 7.74 inches at Blanco, Tex., on the 24th. There was 
considerable damage from the heavy rains and flash floods 
on the smaller streams of the headwaters of all rivers 
mostly to bridges and streets, but damage from the floods 
in the major rivers was only moderate. 

The flooding on the lower Rio Grande at and below 
Rio Grande City was due to heavy rains of 5 to 10 inches 
between Rio Grande City and Laredo, Tex., during the 
period from 23d to the 25th. The heavier rains fell on 
the Mexican side of the Rio Grande. According to the 
International Boundary Commission, this was the greatest 
flood ever to occur in April, in respect to volume. Very 
little rain fell elsewhere in the valley during the flood, so 

ractically all of the flow came from the basin between Rio 
rande City and Laredo. Considerable damage resulted 
to planted crops in the flood plain. 
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FLOOD STAGE REPORT FOR APRIL 1949 FLOOD STAGE REPORT FOR APRIL 1949—Continued 
{All dates in April unless otherwise specified) [All dates in April unless otherwise specified] 
Above flood stages— Above flood stages— 
dates Flood dates 
River and station stage River and station stage 
From— To— | Stage Date From— | To— Stage | Date 
HUDSON BAY DRAINAGE oes MISSISSIPPI SYSTEM—continued 
Red of North: Grand Forks, N. Dak_- 2 9 12 29.2 10 Ohio Basin Pea Feet 
ATLANTIC SLOPE DRAINAGE Green aoe No, 2, Rumsey, Ky-....- 34 | Mar. 25 4 36.7 1 
Jackson? Covin Remington, Va-_-....-. 15 14 “4 15.5 4 Elliston, Ind __. Mar. 27 1 23.6 | Mar, 2 
son: Covington, 7 13 127 “4 12 | Mar. 27 20.3) Mar. 3 
East Fork: Williams, Ind-...........-. 10 | Mar. 30 2 13.6 | Mar, 31 
"Lick Ron, Ya.- 13 4} 21.5 14 White: Petersburg, 16 | Mar. 27 6| 22.5 
Buchanan, Va.-..........-..------- 17 14 4 2.1 14 abash: 
Bremo Bluff, Va dood 19 4 16 24.0 15 Mt. Carmel, Il. ..........-.------ 17 1 7 21.0 3 
Columbia, 18 14 16] 24.0 15 Grayville, --| 19.7 4 
State Farm, Va-..........----.--- 12 15 16 15.2 New Harmony, Ind_.......-..---- 15 1 7 16.4 4 
Richmond, V8-.....-......-..------ 8 15 16 10.5 16 South Chickamauga Creek: Chicka- 
Roanoke: 10 | Mar. 31 2 13.2 1 
31 16 16 31.1 16 Shawneetown, Il]. 33 | Mar. 30 5 35.2 
Williamston, N. C........ 10 (Mor. 1L0 1 Daun No 80, Penis Berry, 34 | Mar. 29 7| 37.8 2 
18 29 10.5 20 
White Basin 
EAST GULF OF MEXICO DRAINAGE 
23.6| Dec. 6 Black: Black Rock, Ark.............- 14 | Mar. 10 12 22.1 | Mar. 8 
20.6; Jan. 11 #£White: 
Apalachicola: Blountstown, 15 |Dec. 1 2.9 | Feb. 14 35.3 | Feb. 6 
Mar. Clarendon, Ark. 26 | Jan. 22 23 Feb, 
Tallapoosa: Milstead, Ala...........-- 40 30 30 41.5 30 33.9 | Feb. 10 
Black Warrior: St. Charles, Ark 25 | Jan, 11 27 27.3 7 
Tuscaloosa Lock and Dam, Ala- -- 47 | Mar. 31 1 49.5 1 
Lacs We. 7, Eutaw, Ala..........- 35 | Mar. 28 8) 47.5 3 Arkansas Basin 
berdeen, 34 | Mar. 28 2} 39.0 1 Neosho: Emporia, Kans_...........-- 22 10 23.8 1041 
Columbus, Miss--..............-- 29 | Mar. 31 4 29.9 2 
pe 36 | Mar. 30 ll 44.9 5 Red Basin 
Lock N oa conti 39 | Mar. 28 4 56.2 6 
30 30 30.8 Tex 38 28 30.9 
35 3 5 36.4 4 30 @) 40.9 x 
Naples, 22 | Mar, 26 4] 26.2 | Mar. 3 
22 | Mar. 30 10 24.4 6 Lower Mississippi Basin 
11 | Mar. 31 2 13.7 1 oe 
ar. 5 
15 | Mar. 27 17| 25.2 2 Fisk, Mo......-------------------- 20 | Mar. 19 61) 23.3 | Mar, 2 
17 | Mar. 29 17 24.0 3 30 
16.7 | Nov. 30 St. Francis, Ark 18 | Mar. 20 12] 21.6] Mar, 7 
15.0 | Jan. 15 Coldwater: Sarah, 18 13 15 21.0 3 
15.8 | Jan. 27 Tallahatchie: Swan Lake, Miss---....- 26 | Mar. 27 29.6 2 
12 | Nov, 24 30 16.1 | Feb. 22 Yi 
ar. 
MISSISSIPPI SYSTEM 16.2 Miss... 29 | Jan. 3 ®) { 33.4 18 
Upper Mississippi Basin Caruthersville, NEE 32 | Mar. 31 9| 349 5 
Baton Rouge, La_.............-.-- 35 1 15 35.0 bt 
Mankato, Minn-........- 19 1 4 19.9 3 
ar. . 
{Mer 122] 16,17,18 M 37 8 74) 
Missouri Basin Atchafalaya, 25 | Jan, 17| May 8 | Mar, 
Knife: Hazen, N. 22 3 3 24.1 3 Moargem 36 | Feb. 18 8.0 
= ar. 29 2 16.2} Mar. 31 
Akron, lows. ..........---- 12 on 6 ll} 17.0 WEST GULF OF MEXICO DRAINAGE 
orn: 
Neligh, EES 10 5 8} 11.2 7  Nezpique: Basile, La_................- 22 26| May 22.3 
Chillicothe, Mo_.............-.-.- 18 | Mar. 31 1 22.9 Sabine: Mineola, Tex_............-..- 14 | Mar, 31 2 16.0 1 
Brunswick, Mo-.......---.------- 12 { 12 19| 13.4 16-18 oT 
Chariton: Novinger, Mo--........---- 19 | Mar. 30 3] 2.0 3 Gonzales, Tex........---.--------- 20 26 2 | 20.3 a 
issouri: Cuero, Tex 23 28 30} 26.2 
Pierre, 8. 15 5 5 15.0 al 2 25| May 2| 284 
Geddes, 8. Dak. 12 ol iss 9 Cotulla, 15 25 25| 158 
19 8 13] 2.1 12 Three Rivers, 37 26 30| 39.1 
rownville, Nebr............-.... 15 | Mar, 28 17| 20.9 Rio Grande City, Tex....---..-.-- a1 { 25 7 | 23.3 % 
Rulo, Nebr. és 17 7 17 21.3 16 Hidalgo, Tex... 21 26 28 21.7 % 
St. Joseph, 17 10 18| 194 16 21 24 30; 23.6 > 
Atchison, 20 23.1 16-17 Brownville, Tex...-.-------------- 18 2% |May 1 | 19.0 
Waverly, Mo... 1s 19.3 17-18 Provisional. 
“oR Sea 21 2 2] 21.0 2 2 Continued at end of month. 
St. Charles, Mo.............-..---| 25 1 3] 26.6 2 3 Flood stage or higher reached intermittently. 
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CLIMATOLOGICAL DATA FOR APRIL 1949 
CONDENSED CLIMATOLOGICAL SUMMARY OF TEMPERATURE AND PRECIPITATION BY SECTIONS 


(For description of tables and charts, see Review, January 1943, p. 15] 


In the following table are given for the various sections 
of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the sta- 
tions repens the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest 
and least total precipitation; and other data as indicated 
by the several headings. 

The mean temperature for each section, the highest 
and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by 
using all trustworthy records available. 


The mean departures from normal temperatures and 
are based only on records from stations 
that have 10 or more years of observations. Of course 
the number of such records is smaller than the total 
number of stations. 

As of January 1, 1949, dewpoint values below 32° F. 
and relative humidity values at temperatures below 32° F. 
are expressed with respect to water rather than with re- 
spect to ice, as used prior to that date. Therefore, these 
hygrometric values before and after January 1, 1949, can- 
not accurately be combined without necessary conversion, 


Temperature Precipitation 
Monthly extremes Greatest monthly Least monthly 
Section 3 
: 
: Station Station ¥ Station Station 
4 In. | In 
Alab 62.3 |—-1.2 treville. 25 | Valley Head........_. 28 | 17 || 5.79 |4+1.16 | Gulf Shores. 11.79 | 1.68 
59.7 |+1.8 23 | Maverick............. 2 .38 | —.28 | Pierce 1.35 | 11 .00 
60.0 |-—1.6 25 | 2stations_.............| 23 | '2 || 2.75 |—2.21 | Alum 6.58 
California. ......... 59.6 | +.8 | 3 stations.............. 109 |'23 | Big Bear Lake Dam-..| 8] 1 -16 |-1.39 | Gasquet Ranger Sta- | 2.16 | 161 stations..........__ .00 
Colorado........... 45.6 |+1.7 | 95 | 24 | Lake Moraine......... —10 | 3 1.14) —.65 | 2.82 | Buna T 
71.3 {4-1.3 | 4 | Glen Saint Mary....._ 34 | 17 || 5.16 |+2.15 | De Funiak Springs....| 12.33 | 
Georgia............ 62.6 |—-1.6 | 91 | 25 | Blairsville Exp. Sta...| 23 | 17 || 5.71 |4+1.87 | Columbus............| 9.47 | 2.63 
48.5 |+3.3 | Ri 90 | 28 Chilly —2/14 .54 | —.89 | Burke 2 2.85 | .00 
51.6 | —.9 | 88 | 23 13 | 16 || 1.77 |-—1.79 | Rockford New Burnside..._.._. 60 
50.6 |-1.3 | Seymour IN..........| 85 | 27 | 3 9 || 2.01 |—1.60 m 347 | Seymour 1N..........] .@ 
49.3 | +.4 91 | 25 | Fayette............... 16 || 1.32 |—1.29 | 2.65 | Lake Park............ 65 
54.1 | —.7 | St. Framcis............| 04/24] A 7] 11/220) —.43 | 5.58] Elkhart... 
Kentucky-.........- 53.9 |—2.6 | Princeton............. 86 | 23 | Benham.-.-............ 22 | 17 || 3.62 | —.48 ee Water | 6.38 | Lovelaceville_.....___. 1.19 
Orks. 
65.1 |—2.1 | Plain Dealing......... 91 | 25 | 2stations............_. 32 | 16 || 6.53 |+1.82 | Glenmora_____- 16.15 | Oak 1.38 
Maryland-Dela- | 52.7 | +.4 | 6 stations........._.__- 87 /'15 |..... SH 2 ERI 19 |'10 || 2.77 | —.75 | Pikesville Police Bar- | 4.69 | Cumberland, Md__._. 1. 67 
ware. racks, Md. 
Michigan. ......... 44.4 |+1.5 | Vanderbilt St. Forest.| 84 | 30 | Vanderbilt St. Forest.| 9 | 16 || 1.62 | —.77 _ ae eee 4.05 | Grand Marais CAA...| .07 
innesota......... 45.0 |+1.9 innebago._.......... 87 | 26 | Meadowlands 2 NE__. .74 |—1.36 | Farmington 3 NW....| 2.85 | 3 stations...........__. T 
63.1 |—1.6 | 4 90 |'22 5.11 | +.22 | Pearlington. .......... 2.08 
issouri_ 54.3 |—1.1 90 | 25 1.66 |—2.34 | 3.14 | St. Louis University..| .68 
Montana........... 48.7 |+5.3 | Mildred_.............. 04 | 2 .57 | —.55 | Red Lodge............ 2.27 | 6 stations.............. .00 
Nebraska. _-....... 50.6 |+1.2 | Big Springs. .......... 95 | 24 1.53 |-Lu alentine._........... 3.15 | 
Nevada............ 52.3 |+4.0 | 103 | 24 | —. 58 Charleston | 1.06 | 4 stations.............. .00 
ge. 
New England_____. 46.3 |+-2.6 | 2 stations._............ 83 | 30 3.47 | +.13 Teshermen Ravine, | 6.86 | Clayton Lake, Maine_| 1.32 
New 51.8 |+2.0 GS 86 3.73 12 | Little Falls Water Co.| 5.89 | 1.72 
New M .------| 51.8 | +.2 | Carisbad.............. 96 | 27 . 92 .04 | Lake Maloya_-........ 4.47 | 7 stations.............. 00 
New York._....... 45.6 |+1.3 | Dansville AP_._..._.. 30 3.33 t 30 | Terry Clove........... 6.33 | Linden................ 1.36 
North Carolina..... 58.1 0 | Mount 88 | 23 4.46 88 | Cedar Mountain... 11.72 | Nashville. .-.......... 1.96 
North Dakota...... 46.3 |4+5.2 | 2 stations.............. 04 29 .20 |—1.51 | Carson .00 
48.9 |—1.0 | Ironton... 86 | 26 2.67 | —. 56 Water | 5.34 | New Lexington .92 
Oklah 58.9 |—1.6 | Altus Dam.......... ..| 8 2.07 9.50 | 2 
50.1 |+2.9 | 2 stations..............| 89 }!16| Fremont..............| 38 . 83 4.61 | Owyhee Dam......... 
yivania._.... 48.3 87 | 27 | Putneyville 2SE__.___ ll | 2 |} 3.65 6.91 | H 
South Carolina..... 61.2 P. 90 | 18 | Lo reek 2N_.._._. 25 | 17 || 5.06 11.99 | Charleston WB City..| 2.00 
South Dakota...... 49.2 93 | 26 Hard 11) 116 3.01 | Webster............... 09 
56.5 |—2.3 | 2stations.............. 85 |'23 2 stations 21 | 17 || 4.15 7.4 | Samburg.............. 1.67 
62.2 |—3.9 104 | 14 23 | 11 |) 3.96 |+1.05 | 13.11 | Brite Ranch. .00 
ME 24 | Bryce Canyon CAA...| .52/| —.61 | Alton Storage gage....| 215 | Callao................. -00 
53.9 | —.8 | 2 89 |115 | Big 18 | 17 || 3.50 | +.22 | Trout 68 | Chinoteague.......... 1.19 
Washington. 49.8 |+1.2 | Richland 2 88 | 18 | Bumping Lake...._._. 10} 1 1.30 |—1.09 | Quinault R. 8_........ 8.14 | 4 stations.............. -00 
West Virginia... 50.8 |—1.1 | 4 87 | 26 2 stations 10 || 3.52 | —. 01 1.00 
Wisconsi 45.2 |+1.4 | Brule Island. 88 | 12 Winter P. K. Reser-| 5 16 || 1.64 | —.86 | 2stations.............. 3.47 | Port Wing............ 
45.6 |4+4.4 | Red 88 | 24 | Lake Yellowstone.....|-10| 1 |} .95 | —.70| 3.21 | 05 
21.4 |+7.7 | 60 Shungnek —40'| 29 || 1.85 | +.01 | 14.35 | 2 stations.............. T 
Hawaii (March) 67.9 |~1.6 | Kaanapali... 88 | 20 | Haleakala 34 | 16 || 4.24 |-436 | Kukui 42.00 | 13 .00 
75.6 | — Dos Bocas. -..........| 96 | 14 | Garzas Dam Guinec..| 50} 2 || 1.55 |—2.43 | San Loranzo (Espino).| 5.04 | Arecibo (3)............| .00 
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CLIMATOLOGICAL DATA FOR WEATHER BUREAU STATIONS FOR APRIL 1949—Continued 
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|Elevation ot 


Apart 1949 


San Juan, P. R-. 


* AOR AF AMeesa it 


and after Jan. 1, 1949, cannot accurately be com- 
cover” has been substituted for “‘Average cloudiness’ to 


Sky 


1949 
include smoke, snow, ete., in addition to clouds that obscure the sky. 


these hygrometric values before 


bined without necessary conversion. 
Nots.— Unless otherwise indicated, data in table are city office records. 


’ As of Jan. 1 


, 1900, or when station was 
airport, the 
These elevations do not 


, and average cloudiness data from 


and hygrometric data from airport records, remainder from city office 


original elevation for homogeneity. 


38) 86| 98/1, 
present station elevation in most cases. 


grometric, wind, character of da: 


ght of barometer cistern above mean sea level on Jan. 1 
from airport records. Pressures adjusted to original elevations according to 


Barometric h 
airport records; 

‘ Barometric 
records. 


? Data are 


note 1. 


! Hei 
pressure is reduced to the 


represent the 


Honolulu 


Te 
| Speed of |_ 
| i} 
| % 
| 
Ala 
Norta PAaciric 
Coast °F.) | °F. °F. In. | In. | In. In. | 
% 4 1.47) —1.1 
Kelso? .| 76/14) 31 41/74) .37) T 
Seattle 7| 73/1 3 41/70} 1.23] —1. 2) . 
1/64 Tacoma ......... 3 4 1.87] .48) T 
1/59 Tatoosh Island__ 9 0 42)84) 5. O1. 1 T 
8158 Burns. 9} 78/1 14) 503) 27/47) .30) +4.4) .24 T 
0 Eugene 4 3} 376) 43/74) 7 
Medford ?______- 2 14 3} 291 59} .16) —1. 2) .11 
3163 Portland, Oreg.‘. 9 4 42/70} —2.0) . T 
Roseburg. 7 14, 31) 3 . —1.5) .31) 7 
Mipp.e Pacrric 
Coast 
Bareks.......... 65) 4) 37/25 .41] —2.9) . .0 5} 19) 7.4164 
Red Bluff 2______ 4; 89/13) 44) 1) 55) 41/47) .10) —1.6) 3) .0 9} 4.6)90 ae 
3 Sacramento 86/22 1; 4 T | -1.5| T .0 4) 3.6)/89 me 
San Francisco 4__| 155]112|132|1, 018. 3/1, 018.9] +2.0] 63] 48] 55.6] +.6| 75/11 i T | —1.6| T 11} 5.0172 
sOUTH PAciFIc 
3179 COAST 
63. 4/+3.9 .03| —.9 5.4 
Fresno? _.......| 5 82] 50] 65.6/+5.4) 94/22] 41/1) 39) 44/52) 1 0 9} 4 8/88 
Los Angeles.....| 338/236} 73} 53} 63.3/43.9] 45/3] T | T 12} 10] 5.5/6 
San Diego?__.._.| 87] 20 6}1, 016.4) +1.2) 69; 54) 61.3/4+2.3) 85/11) 45) 3) 50/72) —.7} .07 12) 12) 6.0/53 
West Inpres q 
$ 
ALASKA 
| 
Anchorage 132 1, 000. 22) 31. | 4 82) +. 4) T 7.9)_. 
Annette Island__| 113 1, 007.) 41.8) 5 21] 35|-+-13. 1 
Barrow..........| 29 1, 015 -9. 7 o7| 3.0)_. 
Bethel 28 1, 007.8 | 18. | 3 | 3 | 6.2). 
45 1, 003. 9 5/41) +2. 5 
50 Fairbanks ?__._..| 455 990. | 23 8 23) 8| T 6. 
139 1,004. } 13. | 7 | | 28 8| 1 
32 1,011 | 13.8 | 33 3} 1 
Juneau 80 1, 007. | 39. | 30 4.32) + 6 9.6)_. 
20 1, O11. | 3.3 -18 8} 1 4.8) 
McGrath 341 095. | 17. 5 17 5| 2 
1, 009. 11.8 5 | 2) | . 86 3 7.0)... 
Northway 718 942. 25. 2 : 2 
70 
_ Hawan | 
‘ig 71.8|—1.2) 65) 62) 010.8 24) 4 6.2168 
5 Barometric, temperature, degree day, and hygrometric data from airport; remainder Whe 
¢ As of Jan. 1, 1949, relative humidity values at temperatures below 32° F. are expressed “akg 
with respect to water rather t 
fore, 
72 
80 
1/70 
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Aprit 1949 


SEVERE STORMS FOR APRIL 1949 


(The table hereunder contains occurred during the month. A revised list will appear in the United States 
Meteorologicai Yearbook] 


Place 


Date 


Value of 
estroyed 


Character of storm 


Flour Bluff Community, 
Nueces County, Tex. 


Starke, Clay County, Fla... 
Berkshire County, Mass., 
Rutland and Bennington 


Counties, Vt., White 
Mountain region, N.H 


Provincetown, Mass_......-- 


Rhode Island, coastal area__. 


New Hanover County, N.C. 
Lafayette County, 


central part, Mo. 
Montgomery, 


south- 


Flintstone (near), Walker 
County, Ga. 


Meriwether County, south- 
eastern part, Ga. 


Bethany Community (near 
MeDonough), Ga. 


Covington, Newton Coun- 
ty, Ga. 
Hogansville, 


Roanoke County, 
Natural Bridge, 


Richmond, 
Ponca City, 
Vernon and vicinity, 
Jefferson City, Mo.......-.. 
Stewart’s Creek Valley (near 
Glenville), W. Va. 
Weeden and Ritchie Counties, 
Greene 


St. Louis County and city of 
8t. Louis, Mo. 


Wisconsin, eastern portion. _- 


West Plains and central 
Howell County, Mo. 


Nebraska, eastern portion... 


12 


12 


14-15 


14-15 


14-15 


14-15 


See footnote at end of table. 


5:25-5:43 p. 


6:30-6:35 p. 


7:10-7:15 p. 


8a. m., Mth to 
15th, 


2, 500 


3, 000 


150, 000 


126, 000 


50, 000 


5, 000 


— washed away against bridge. 


Minor ome to crops. Glass broken in hundreds of autos. 
Several small buildings demolished. 1 airplane demolished and 
3 others Hail light. 

one ured. 1 home destroyed and 6 damaged; 2 other build- 

and 2 damaged 

Gales with gusts estimated as high as 100 m. p. h. at South Shafts. 
bury Airport, Vt., where demolished. 
Electric services disrupted les and trees were felled; 
roofs blown away; small buildings ¢ displaced or collapsed. Storm 
of type colloquially termed “‘sherkshire” in Pownal Valley of 
Vermont. Lightning and hail in some sections. Several inches 
of snow fell in Berkshires, northern New Hampshire and central] 
Maine, impeding traffic. 

Winds of whole gale force eotoens unusually heavy seas in harbor 
and caused loss of 5 small boats; damaged several others; consider- 
able damage to Monument Wharf. 

Southeast to + semper gale winds up to 65 m. p. h. with accompany. 
ing high tides caused extensive damage to fishing boats and = 
5a Power lines down service interrupted. At 

anielson Com. man electrocuted when aerial of radio set blown 
against pow: 

A fisherman swept overboard from trawler by high waves, and 


ed 
houses in Wilmington. Some cro somes. 
of Radio tation PGH and demolished 


Boy y Killed by light lighting in field 6 miles southwest of Higginsville, 


1 small plane destroyed at Norman Bridge Airport; 1 damaged 
slightly at Allen air field and another d ed slightly at 
pee Bridge Airport. Also some minor building damage in 

ontgomery. 

Path extended about 3 miles east-northeastward. Tore hole in roof 
and blewin walls of 1 home; otherwise building damage confined 
to roofs. Many trees blown down through rural section. 

Moved north-northeastward. Struck first on Pine Mountain 
destroying home and uprooting several large trees. Lifted and 
dipped to earth several times along 2-mile path through business 
and residential areas of Manchester. 1 person killed and ® 
injured. Gasoline service station demolished. 3 business stores 
heavily damaged. 25 homes and 7 other buildings destroyed; 15 
homes and 15 other buildings damaged. Many trees blown down. 
Power and telephone lines blown down, leaving town without 
services throughout night. 

Moved northeastward along 8-mile path. 2 business houses, 10 
homes, and 42 smaller buildings destroyed; moderate to heavy 
damages to 35 homes and 63 smaller buildings, including toppling 
of courthouse tower. Many trees, power and telephone lines 
blown down, disrupting electric and phone services throughout 


night. 3 persons | 

Moved eastward down a water tower and doing material 
damage toa soe mil south Griffin, then lifted, striking again 
in east Griffin, heavily damaging a church an eee 25 
homes, also numerous buildings. 5 

Moved to 3 east of persone ne killed 
and 5injured. A large home, tenant house, and several smaller 
oe dings destroyed; 4 buildings damaged. Small area affected. 

Cross report available on this storm. 3 homes and 16 

Toss report av 6, W Persons 
omes destroyed and 4 homes damaged, 
Windows broken. 
Highwey inundated. Farm buildings half-covered with rising 


water. 
Lightni knocked plaster loose in 1 residence, 
Guay ing toppled et damage to ana d 5 residences. 

Hail stones up to 34-inch in diameter. 


Shingles blown off roofs. 1 roof torn off. Rain and sleet accom- 
panied wind, but did no damage. 
Gardens Dirt 


washed out. About half of monetary Somemp te gardens. 

Maw gardens destroyed. Dirt roads damaged ind damage to 
several homes. Foundation fora new washed away. 

Moved northwest of Linton in northeastward path % mile long. 
Small funnel seen. 

Thunderstorm in morning and high wind throu ga day and night 
continuing into next day caused widespread property damage: 
felling trees and wires, breaking numerous plate-glass windows 
and damaging roofs, cornices, chimneys, and other sections of 
buildings and homes. Some damage re ported in East St. Louis, 

Ill. Some power lines and streetcars bled when +-7- by 
ligh tning during morning storm. A tow bs homes struck by light- 
g, but no serious damage resulted. 

Power lines, tree limbs, and signs broken at Milwaukee. Part of 
church steeple blown down, ding damaged, and garage 
demolished at Green B ay. 

Damage confined to buildings in and around West Plains. 1 barn 
twisted on foundation, and roof blown of another. Other dam- 
age co mainly of shingles blown off roofs and other minor 


Heavy damp snow, mony Ay 8inches. Wires in parts of north- 
east downed because of quantity of clinging heavy snow; 
considerable interruption of power communications. 


| of path, | of Remarks 
4 yards life j 
| 11:30, $84,000 | Hail and wind... 
| 
Griffin, Ga.........--------. 12 | 7:30 p. 0] 36,000}... 
13 | 7:50 p. m........- 200 1,500 | Wind 
14 | 1:20 p. 13 5,000 | Wind and 
14 | 2:30-9 p. 1,000 | 
14 | Late Rainand wind... 
14 | 6:30 p. m_...-.--- 15| 0} 5,000 | Tornado. -.......--- 
wind. 
are 
| 
175 Snow and winds. 
| 
5-8 
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SEVERE STORMS FOR APRIL 1949—Continued 


Place 


Time 


yards" 


Loss 
of 
life 


Value of 
estroyed 


Character of storm 


Remarks 


bagel’ and 


Lubbock 
County, 
Tatum, tee’ County, N. 


ex. 


Chaves County, southeast- 
ern part, N. Mex. 


Sedalia, southern part, Mo-. 


Sandia, Nueces County, Tex. 
Puget Sound—-Olympie Pen- 
insula, 


uotank County, N. C_- 

Scotland Halifax 
County, N 

Baltimore Md...... 


Epsom, Vance County, N.C. 

Jordan Dam and Buyck, 
Elmore County, Ala. 

Whitehall (near), Ww 


Renville, LeSueur and Rice 
Counties, Minn. 


Greenwood County, Kans__. 
Holmes County, Miss......- 


15 


88 


See footnote at end of table. 


11-11;10 a. 


Dp. m, 


-- 


11:30 a. m,-1:30 


11:30 a, m.-1:30 
p. m. 

11:50 a. m.-12:45 
m. 


12:40-1:12 p. m... 


10-20 


8 a. m.-10 p. m_. 


2 blocks 


4, 000 


125, 000 


5, 000 
1, 000 
1, 525, 000 


ualls 
possibly small 
tornadoes 


Moved terest in narrow valley through abandoned lumber 
village and CCC camp. 2 fishermen picked up by tornado, suffered 
injuries when they ell to ground. 2 cars damaged when trees 
uprooted and toppled on them, Man had shirt ripped off and 
rest of clothes torn. Others had fishing tackle and catch carried 
away by tornade, Hail, preceding tornado, % to % inch in 
diameter. Large barn carried 
home, breaking all winows. Valuable cow killed. Area 
affected 5 to 6 square miles. Loss of virgin timber, orchards, 
and buildings net included in total. 

Signboard blown over onto 2 parked cars. Two 4,000-volt high- 
tension wires blew jae poe and pole set afire. Television tower 
toppled onto building roof. 

2 barns and 1 house unroofed. 9 telephone poles go=. Several 
trees blown down and many branches sna rte 

2 se Hail inch in diameter, 

larges inc! 

1 boas unroofed. Concrete block wall in — of erection top- 

to heavy ell over area approximately 6 8 miles in- 
cluding most of the city of West Pair 4 


m Beach and extending south- 
Stones of hen’s egg Some 


from some points. 
age to gardens and truck cro 
1 htning struck a house and barn, killing a farmhand in barn. 
due either to light- 


Pilot killed when and 
ning stroke or heavy 
20 registered Jersey cattle Titled when Jightning set barn afire. 
Strong winds blew ladder from side of a house, causing painter to 
fall. He suffered fractures of both arms, and head injuries. 
Widespread thunderstorm activity caused some local damage to 
2 barns, Loss of $12,000 resulted at farm near Marshal] when 
barns, a hog double corncrib, shed and farm equipment 
troyed by , evidently caused’ In addition 
2 killed. Near H valu 
at $6,000 burned. House oad bern = Bedford struck by 
tightning and practically Th, damage estimated at $8,000. 
A particularly heavy cumulus cloud to the north of Reno drop 
a clearly defined funnel from its base. First ——— ground in 
vicinity of dry lake about 15 miles north of city; moved slow! 
eastward across low divide between Lemon V, ley and Span 
Springs Valley, crossed Spanish Springs Valley in an east- 
northeastward direction, and finally broke up on the eastern 
side of Spanish Springs Valley. Entire path approximately 
12 miles long and laid roughly across Reno Sky Ranch about 
center of Spanish ~~ 4 alley. Funnel clearly visible from 
wd rts of city and seen by ma —~ } ople. Twisted and torn 
juniper trees and desert sage showed that tornado was sufficie ntly 
wel develo to have destroyed buildings, although none in 
its path. No damage, except removal of a skylight from south 
hangar of Reno Sky Ranch. Tornado immediately followed by 
heavy hail, which averaged about 4 inch in diameter and cov- 
ered ground to depth of about 4% inch. No damage by hail. 
Stripped fruit trees, battered truck gardens, and damaged some 
roofs. 2 airplanes at North ConchoFicld badly damaged. Heavy 
hail; average size % inch in diameter. Accompanying rain of 
considerable benefit to surviving crops; probably offsetting 
damage of $50,000 to crops. 
Roof lifted, Seuss demolished, and barn damaged. 
loss estimated to be from tornado. 


to crops, $15,000; livestock and poultry, $10,000; to build- 
ings and other Property, $1,500,000. Fruit crop totally destroyed. 
Public schools suffered loss of about 3,000 window panes and 
damage to roofs and interiors estimated about $60,000. 
meee Laat one at an average of $300 per car. 
hailstone, 1 inch. 
Estimated 10,000 acres of cotton to be replanted. 


Damage due to wind and water cousbtond. Maximum wind for 5 
minutes, 49 m. p. h.; extreme, 59 =. h. 3.51 inches of rain fell 
in an hour. Many sections of town jooded, with water damage 


in stores. 
Called by local newspa a “small tornado.” Destroyed 2 ga- 
ripped down 


rages; pushed back shingles on roofs of 2 build 
8 tele a7 wires and — off cross arms on telephone pe 

Hail lig Airplane damaged at Cuddihy Field high wind. 

Storm a, accompanying a large disturbance, did widespread 
but relatively light da ee to communication ‘and power lines. 
3 men drowned Lake Crescent due to capsized fishing boats. 
One death near » t-te due to falling tree. Some cornices 
and brickwork, weakened by earthquake of _ 13 in Seattle, 
were loosened or brought down by winds. Property damage 
relatively light. At Seattle Weather Bureau Office winds reached 
a maximum of 38 m. p. h. from south at 1:38 tos 

Damage mostly to cabbage around Elizabeth ity. 

Damage to crops and windows. 


Approxi- 
verage 


14-foot outboard motor boat capsized on Chesapeake Bay near 
Miller Island just to north of mouth of Patapsco River; 2 men 
and a 5-year-old boy drowned. 

Tin roofing blown off. Falling trees disrupted telephone and 


electrical service. 
Wind damage to buildings. Considerable hail, diameter of a dime. 


3 barns demolished. 1 ski jum y blown down. 

Storm by heavy rain and 
hail. A number of barns,” outbuildings, silos, and windmills 
demolished. Farm and town houses, buildings, and farm ma- 
chinery damaged. Trees uprooted. Poles and wires downed. 
5 of livestock 


perished. 1 person injured. 
Vortex cloud West and orth of Climax. Cloud 
di to ground twice an +) 
and 4 others damaged. 


cre 


GAT OU . 


Vicaouis 


~ 
storm. 
Barkhamstead, 15 1 Electrical and a 
Michigan, entire State._...... 15 | 26,000 | 
18 | 0:20 © Tornado and hail. 
20 | 22, 800 | Rain and hail. ...... 
m- 
Dirt 
ght é 
age: 
ows 
uis, 
by 23 | 3-3:40 p, | 
age 
26 ' Early 15,000 ' Wind. 
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SEVERE STORMS FOR APRIL 1949—Continued 
Place Date Time of Character of storm Remarks 
yards’ | life | destroyed 

— a and Fin- 26 | 4:10-5:30 p. m_-..}....-....- 0 900,000 | Hail and tornado....| Chief damage at and in vicinity of Lakin. 4 planes virtually de. 
stroyed at Lakin Airport. Much to Ww glass and 
roofs in town. Some hailstones repor as large as baseballs, 
Considerable damage to crops. Tornado clouds reported at and 
near Lakin, but ap tly did not reach ground. 

Meade and Clark Counties, In southeastern Meade and southwestern Clark Counties, near En- 

bs wood. Damage mostly to wheat. 

Stanton County, Kans. ...-. | 25,000 |....- in eastern part of county over path 11 miles long. Damage 

to wheat. Some hailstones as large as tennis balls. 

Buffalo and Harper 15, 000 |...-- About $5,000 damage to wheat, and $10,000 to automobiles 
County, Okla. and buildings in an area 5 miles by 20 miles 

Hogansville, Ga 27 | 4:45-5 p. Moved east-northeastward and limited to local 400 yards 
square. Numerous smal] homes oof of 1 business 
house partly blown off, causing much ae to stored stock, 
1 automobile heavily dam . Numerous trees blown down, 

. Power and telephone services temporarily disrupted. 

Hobbs, N. Mex. -............ | Unusually large stones, reported up to inches in diameter, 
Prinei nee to electric signs, windows, roofs, light and 
power 

Corpus Christi, Tex. ._...... 28 | 10:30 a. m_......- 5-7 0 3,000 | Tornado. _.........- In small area at North Beach. Several boats damaged. ‘Tin roof 
torn. Water drains ripped from roof. Trailer to + 4 

Winkler County, Hail and wind. estimated at several thousand dollars in the city’s worst 

orm. 

Sanford, Wind and hail__.._- High wind accompanying a thunderstorm damaged some 

y and Finney Coun- 30 | Noon to3:15p. 135, 000 | a point northeast of Garden City. 

es, mostly to w 
an and Thomas Coun- 30 | 1:30-5:30 p. m__._ 12-6 |.....- 50, 000 |.-..- BBs cwncisssscagt In northern Logan and southern Thomas Counties over path about 
ties, Kans. 35 miles long. Chief damage to wheat. 

Kearny and Finney Coun- 0 10,000 | Originated short distance north of Lakin. Path ended 20 miles 
ties, Kans. —- of Garden City. Several vortex clouds seen. No 

ruck. No py a Damage to rural property. 

Wichita County, Kans_._... 10 miles west of Leot near Sel ikirk at 2 p. m. In northern part of 
county at 4 p.m. Damage to 

Midway community (5 miles 30 | 2:45 p. m_........]__. ae & 0 1,000 | Tornado...........- Storm moved northeast for about % mile in narrow path. Vacant 
east and % mile south of house destroyed. 
agg Jackson Coun- 
ty 

McClain, Cleveland, Potta- 30 | 2:57-after 4:55 800,000 | Tornado and bail...| Path not continuous. began 5 miles northeast of Blanchard; 
watomie, and Lincoln moved northeastward to north campus of University at Norman 
Counties, O —— it hit at 2:57 p.m. Rate of movement about 15 m. p. h. 

leaving Norman Campus storm turned to its left and moved 
one northeastward for about 8 miles striking the Hollywood 
Farm, then turned northeastward to 4 miles east of Stella then 
through Shawnee Lake area, south of McLoud and Dale at 4:55 
| es and into Lincoln County through Crescent School east of 
re eeker and Payson. 48 persons injured near Norman and 8 in 
Pottawatomie and Lincoln Counties. 31 buildings, 12 vehicles, 
and 10 airplanes damaged near Norman. 9 farm homes destroyed 
in Cleveland County. Crescent School severely damaged and 
a nearby destroyed. 3 houses damaged at Payson. 2 deaths 
ear Crescent School when tornado struck automobile and 
demolished it. 1 death near Shawnee Lake. Most of damage to 
University property near Norman, estimated at $600,000. 

ounty. Damage to whea' 

Comnntne and Grady 30 | 34:30 p. m_.....- 200-300 0 20,000 | Tornado. -__........- Several farmsteads damaged northeast of Lawton. 2 semi-trailer 
Counties, Okla. trucks overturned on highway. Near Agawam and west of Rich- 

land in southern Grady County, 5 farm homes destroyed. School 
near Marlow destroyed; 4 persons injured. Path 30 miles long 

Logan County, Kans 30 | 3:30 0 d vor Oakley during rainst Path 

ounty, Kans........ ortex cloud seen at Oa storm. not wi 
defined. Extended from a alle west of Oakley to a mile east of 
that town. Roof of flower uncompleted hall of Veterans 
of Foreign Wars damaged in Oakley. 

Jackson County, Okla......- 95,000 Hail damage to wheat, offset to a large extent by benefits from 
needed rains in area south of Altus near Oltusee and Friendship. 

Tillman County, Okla-.-.-.- 30 | 3:45-5 p, m._....- 440 0 100,000 | Tornado and hail__..| 6 different funnels sighted northeast and northwest of Frederick 
and east of Davidson. linjury. Persons took to their caves. 
About $95,000 damage to farmsteads. $5,000 hail damage to wheat. 

Garvin and McClain Coun- 30 | 4:30-6:45 p, m_-.- 150 0 39,000 | Tornado_____._-...- Storm moved northeastward from southeast of Lindsay through 
ties, Okla. farang i” for about 25 miles, touching ground at 

tervals. ury. 

Econtuchka, Pottawatomie, 30 | 4:45 p. m_...._..- 2, 250 0 10, 000 | .---- ern Speers No injuries. Storm damaged or destroyed 8 homes as it moved 
County, Okla. northward over path about 8 — long. 

Duncan (12 miles east of), 30 | 5:20 p. m__....... 300 0 6,000 }..--- _ cee eee ese Moved northeastward. Struck Omaraca ‘Camp, but no injuries. 
Stephens Count 

Br and Choctaw nt ae 3 ) See 440 1 25,000 | Tornado and hail....| Northeastward path about 55 miles long from near Utica to 

, Okla. Bennington to Nelson community; 3 injured; death 1 near Utica; 
6 homes near and at Bennington 

Hodgeman County, Kans... 880 Tornado...........- 14 miles southeast of Jetmore, a short east of No. 
283. Path 5 miles long. Slight damage at 3 farmst 

Choctaw and Pushmataha 30 | 6-7:30 p. m....... 1, 760 2 603,000 } .---- eee Fea! Northeastward ~. not continuous, from southwest of Boswell 
Counties, Okla, near Soper to Spencerville for nee 50 miles — and about 

10 miles to the south of a in Bi — and poner. Counties 
listed above. 6 injured. 1 death in southern Pushmataha 
County, 1 at Spencerville. 

Bonham, Fannin County, 30 | 6:55 p. m......... 50 3 75,000 | Tornado, hail, and | Only slight hail damage. Most of damage from tornado. Homes, 
Tex. wind. barns, 4 houses levelled or twisted off foundations. Trees 

uprooted. ps damaged by flying debris. 9 persons injured. 


1 Yeath due to heart attack (not included in those killed). 
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SOLAR RADIATION DATA FOR APRIL 1949 
TaBLe 1,—Solar radiation intensities during April 1949—Con. 


Explanation of Tables 1 and 2 and references to de- 
scriptions of instruments, stations, and methods of obser- 
yation, and to summaries of data, are given in the Montx- 
ty WEATHER Review, vol. 72, No. 1, January 1944, p. 43. 
A list of pyrheliometric stations is given on page 45 of 
that issue. An explanation of the formula in com- 

uting the air mass values for each station listed in 

able 1 appears in vol. 75, No. 3, March 1947, p. 47. 

Eppley 10-junction 180° pyrheliometers have been 
installed at the Weather Bureau offices in San Antonio 
and Fort Worth, Tex. and Las Vegas, Nev. A Brown 
electronic strip-chart recorder is used to obtain hourly 
values of total solar and sky radiation received on a 
horizontal surface at Fort Worth, while Brown in ting 
potentiometers are used at San Antonio and Las Vegas to 
obtain daily values of the radiation received on a hori- 
zontal surface. Beginning with this issue, daily values 

ressed in ap oe will appear regular] in Table 2. 
The latitude of San Antonio is 29°12’ N., the longitude 
is 98°28’ W., and the elevation of the heliometer is 
242 meters m. s. 1.; the coordinates for Fort Worth are 
latitude 32°49’ N., longitude 97°21’ W., elevation 219 
meters m. s. l.; for Las Vegas latitude 36°05’ N., longitude 
115°10’ W., elevation 667 meters m. s. 1. 

At Fort Worth the instrument is very slightly shaded 
from the north by the control tower, a building wall, and 
instrument shelter, with other minor obstructions to the 
horizon consisting of distant flag and antenna poles 
refinery stacks, downtown buildings, a water tower, an 
standpipes. With the exception of the control tower, all 
obstructions are low on the horizon. At Las Vegas, a 
distant flagpole and antenna to the north cause inappre- 
ciable shading of the pyrheliometer. The mountains 
surrounding the station, ranging in altitude from 0.1° to 
‘ip on the horizon, delay sunrise and hasten sunset very 

y. 


Tas Le 1.—Solar radiation intensities during April 1949 
(Gram calories per minute per square centimeter of normal surface] 


Sun’s zenith distance 
Vapor 
pressure 
Date A.M. P. M. 
| 7:30 | 1:30 
78.7°| 75.7°| 70.7°| 60.0° 60.0°| 70.7°| 75.7°| 78.7° a.m.!| p.m.! 
MADISON, WIS. 
Air mass 
4.81 | 3.84 | 2.88 | 1.92 |*0.96 | 1.92 | 2.88 | 3.84 | 4.81 
April cal, | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | mb. | mb. 
0.75 | 0.90 | 1.03 | 1.24 | 1.46 3.8 4.4 
-77 | .87 | 1.02 | 1.24 6.1 4.6 
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Sun’s zenith distance 
Vapor pres- 
Date A.M. P.M. 
0.0° ons 
1:30 
78.7° | 75.7° | 70.7° | 60.0° 60.0° | 70.7° | 75.7° | 78.7° a. m.! |p, m.! 
BLUE HILL, MASS. 
Air mass 
4.86 | 3.89 | 2.92 | 1.04 |°0.07 | 1.04 | 2.92 | 3.80 | 4.86 
, April cal. | cal. | cal. | cal. | cal. e. cal. of. cal. | mb. | mb. 
- 93 | 1.04 | 1.15 | 1.30 5.0 4.5 
94 | 1.08 | 1.20 | 1.42 | 1.04 .65 4.6 
| 1.15 1.06| .88| .76| .62) 68 6.2 
-78 | .98 | 1.19 1.50 | 1.27/ 1.00] 8&4 4.3 
-57 | .67] .80} 1.08 -72| 7.6 7.2 
Means.....- -76| 1.17) 1.0)1.10/ .84/] .70/ 
Departures..|—.03 |—.04 |—-.04 |—.02 | .00 |—.04 |—.11 |—.12 
LINCOLN, NEBR. 
Air mass 
4.77 | 3.81 | 2.86 | 1.91 (90.95 | 1.91 | 2.86 | 3.81 | 4.77 
April cal. | cal. cal. | cal. | cal. | cal. | cal. . | mb. | mb. 
1.30 | 1.01 | 0.86 6.1 7.4 
1.05 | 1.33) 1.14) .86| 7.4 7.2 
0.86 | 1.11 | 1.35) 1.00] .79 5.6 4.8 
| 1.07 | 1.32 | 1.10 6.6 0.1 
1.24 | 1.42) 1.90) 1.03; .92/...-.. 4.6 4.2 
1.37 | | .& -73 | 6.6 5.8 
Means... | 1.13) 1.35) 1.11} .85] .73 
—.10 |—.06 |—.10 |—.06 | .00 |+.02 |+.03 |....../_. ane 
TABLE MOUNTAIN, CALIF. 
Air mass 
3.76 | 3.01 | 2.26 | 1.51 [°0.75 | 1.51 | 2.26 | 3.01 | 3.76 
April eal. | cal. | cal. eo cal. | cal. | cal. | cal. | cal. | mb. | mb. 
Departures..|+-.03 |+.04 |+.03 |—.01 
BOSTON, MASS. 
Air mass 
4.96 | 3.96 | 2.97 | 1.98 |°0.99 | 1.08 | 2.97 | 3.96 | 4.96 
April cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | mb. | mb. 


*Ex 
175th Meridian Time. 
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